If we are to understand the structure and function of the mammalian genome and its transmission to subsequent generations, we cannot neglect the Y Chromosome (Chr). However, certain properties of the Y have made it refractory to analysis. The bulk of the Y Chr does not recombine, and thus genetic maps based on standard Mendelian recombination are not feasible. For this reason, investigators have relied on physical approaches to map the human Y Vollrath et al. 1992) . We are using physical approaches to further our understanding of the mouse Y Chr by developing chromosome-specific DNA-based probes.
If we are to understand the structure and function of the mammalian genome and its transmission to subsequent generations, we cannot neglect the Y Chromosome (Chr). However, certain properties of the Y have made it refractory to analysis. The bulk of the Y Chr does not recombine, and thus genetic maps based on standard Mendelian recombination are not feasible. For this reason, investigators have relied on physical approaches to map the human Y Vollrath et al. 1992) . We are using physical approaches to further our understanding of the mouse Y Chr by developing chromosome-specific DNA-based probes.
One method for generating Y Chr-specific probes relies on subtractive molecular methodologies, which can use female (XX) genomic DNA to "subtract" away sequences from the male (XY) genome, leaving Y Chr DNA behind for further characterization. Such subtractive hybridization techniques have generally fared poorly in the context of the mammalian genome owing to its vast size and complexity, which limit the power of subtractive hybridization and subsequent enrichment.
Representational Difference Analysis (RDA) is a method that circumvents many of these limitations. RDA is a powerful subtractive hybridization procedure designed to clone the difference between two closely related and complex genomes (Lisitsyn et al. 1993) . We have previously shown that RDA can be used successfully to isolate Y Chr sequences (Navin et al. 1996) . In that work, using representations of Bg/II-digested genomic DNA from the C57BL/6J inbred strain of mice, we identified 12 families of repetitive DNAs and demonstrated their Y Chr origin by a combination of Southem, PCR, and fluorescent in situ hybridization (FISH) analysis. However, because RDA relies on genomic representations that significantly reduce the total complexity of the DNAs being compared, we anticipated that many more Y Chr probes remained undetected by the first studies (Navin et al. 1996) . To test this hypothesis, and to broaden the complexity of our collection of Y sequences, we performed RDA subtraction between representations constructed following the digestion of C57BL/6J male and female genomic DNA with a second enzyme,
BamHI.
In the results outlined below, we confirm our hypothesis and demonstrate the isolation and characterization of 10 additional families of Y Chr sequences. In addition, we confirm their Y Chr distribution, using a combination of PCR and FISH analyses. In summation, the simple modification of enzyme choice for the constmction of the representation has allowed us to nearly double the size of our RDA clone collection for the Y Chr.
RDA was performed with BamHl-digested male C57BL/6J genomic DNA as the Tester, female C57BL/6J genomic DNA as the Driver, and the linker/adapter sequences specified for BamHI
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representations (Lisitsyn et al. 1993) . Figure 1 shows the amplification products after the first and second rounds of RDA subtraction. As can be seen, the first-round product is characterized by a number of discrete bands above a background smear. The secondround product shows an enrichment of each of the discrete bands and a reduction in the intensity of the background DNA. Previous experiments have shown that third-round products of male-female subtractions generate less complex difference products (N. Lisitsyn, University of Pennsylvania, personal communication).
To initially characterize the difference products, we used the first-and second-round products separately as hybridization probes onto BamHI-digested C57BL/6J male and female genomic DNA. In contrast to the nearly equal intensity of hybridization signal observed when probed with the first-round difference product, we observed significantly stronger hybridization signal from male genomic DNA when probed with the second-round difference product (data not shown). Given its degree of apparently Y Chr-specific enrichment and complexity, we continued our analysis on the second-round product, which was released from its linker/adapters by BamHI digestion and cloned into the BamHI site of Bluescript (Stratagene, La Jolla, Calif.).
Eighty-three experimental colonies, 1 colony containing vector alone, and 12 additional colonies containing each of the BgllI RDA cognate clones previously described (Navin et al. 1996) were grown in a 96-well plate, spotted onto nylon, and probed with insert DNA from each of several experimental clones. The size of the insert DNA in each experimental clone was also determined by analysis on 1.5% agarose gels. Using these data, we were able to place each of the 83 experimental clones into 1 of l0 families related by cross-hybridization and insert length (Table 1) . Over 60% of the analyzed clones fell within 2 of the 10 families (pEMS727-A1, 36%; pEMS727-A8, 25%). The remaining 8 families ranged from 2% to 8% of the analyzed clones. None of 10
BamHI-derived families showed cross-hybridization with any of the 12 families previously isolated with BgllI, thus demonstrating the value of the second enzyme subtraction. Two to three clones from each newly identified family were sequenced. Inserts ranged in size from 423 to 1119 base pairs. Further analysis of these sequences suggested that each clone was distinct and that the clones represent individual isolates of repetitive DNA families. One clone from each family was designated as the "cognate" clone on which subsequent analyses were performed. These analyses included DNA sequencing, BLAST alignment to GenBank (Altschul et al. 1990 ), development of PCR assays from each clone, and fluorescent in situ hybridization (FISH) to metaphase chromosomes.
The results of these analyses are described in Table 1 . When aligned to GenBank, 4 of the 10 cognate clones showed similarity to common genome-wide repeats including, specifically, LINE1 elements (pEMS727-B7 and-B9), B1 elements (pEMS727-C2), and B2 elements (pEMS727-A7). One might expect that the presence of LINE1, B1, and B2 elements throughout the genome Fig. 1 . RDA subtraction is complete after two iterations. Two rounds of Representational Difference Analysis were performed on BamHI-digested C57BL/6J mouse DNA with male DNA as the Tester and female DNA as the Driver. First-and second-round difference products were analyzed on 1.5% agarose gels. The second-round product was cloned and used for subsequent analyses. Shown above are first-and second-round BamHI RDA products alongside molecular weight markers (1 kb ladder, GIBCO/ BRL, Gaithersburg, Md.).
would force them to be subtracted during the RDA process. However, all 4 of these clones contain Y Chr-specific sequence in addition to their genome-wide repeat homology. We conclude, therefore, that these clones are more likely to hybridize over their entire length to an exact match in the Tester population than to a Driver DNA in which hybridization is limited only to the region of genome-wide repeat homology.
One clone (pEMS727-A1) showed significant similarity to the Y-linked retroviral genome MuRVY (Fennelly et al. 1996) . Interestingly, another clone (pEMS727-A4) showed high similarity to the 5' untranslated region of the Mus musculus Xmr gene, a gene whose protein product is localized to the sex body of round spermatids during male meiosis (Calenda et al. 1994) . The region of similarity to Xmr is 87% over a 108-nucleotide interval and is preceded in Xmr by seven T nucleotides and in pEMS727-A4 by 35 T residues. It is possible that these regions are the vestiges of retroposition events. Of the four remaining clones, none had significant similarities in the database and thus represent novel DNA sequences.
As an initial test of the Y-specificity of each cognate clone, we designed primer pairs corresponding to each clone and then tested the pairs for their ability to support amplification from male and female (C57BL/6J) genomic DNA. Primers were designed with Primer (v.0.5) software. This software package identifies common repetitive sequences within clones and designs PCR primers from the nonrepetitive regions of each clone (S. Lincoln et al. unpublished) . For 8 of the 10 cognate clones (pEMS727-A1, -A4, -A5, -A8, -B5, -B7, -B9, and -C2), PCR amplification was supported only from the male genome, confirming the Y Chr origin of the cognate clone. In the two additional cases (pEMS727-A7 and -All), amplification was observed from both male and female genomic DNA. While FISH results show that these DNAs reside primarily on the Y (see below), amplification from the female genome suggests that related sequences exist on the X Chr or autosomes.
To further test the Y Chr origin of each cognate clone, we performed FISH analysis, using each full-length, cognate insert as a fluorescent hybridization probe (Fig. 2) . For 9 of the 10 cognate clones (all but pEMS727-B9), a strong, dispersed hybridization pattern was observed on the Y Chr. The Y is easily identified by the absenCe of a C-band when counterstained with propidium iodide. Clone pEMS727-B7 (Fig. 2D) generates the strongest Yspecific hybridization signal we have observed to date from either BgllI-or BamHI-generated RDA clones and is useful for sexing cells by in situ hybridization. For the remaining clone, pEMS727-B9, hybridization was seen throughout the genome (data not shown). This genome-wide hybridization is undoubtedly due to the 450 bp of homology to LINE1 contained within this clone, but is in sharp contrast to the localized hybridization pattern of a Y Chr specific LINE1 fragment we have isolated previously (Navin et al. 1996) . When FISH was repeated with a probe designed from the nonrepetitive region of the pEMS727-B9 clone, hybridization signal was confined to and dispersed along the Y Chr. As noted above, primers designed from the nonrepetitive portion of pEMS727-B9 confirm the Y Chr origin of this clone as they supported amplification only from the male genome.
In summary, we have used Representational Difference Analysis of BamHI-digested DNA to identify and clone 10 families of DNA sequences present on the Y Chr of the C57BL/6J strain of laboratory mouse. In addition, we have used a combination of PCR and FISH to demonstrate their Y localization. These clones will prove useful for the isolation of large insert genomic clones, from yeast artificial chromosome or bacterial artificial chromosome libraries, as a step toward the construction of a mouse counterpart to the contiguous clone map of the human Y Chr Vollrath et al. 1992 ).
